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The purpose of this study was to evaluate the specific contribution of carotenoids and vitamin 
C to the lipophilic and hydrophilic antioxidant capacity (LAC and HAC), respectively, of the pulp 
of citrus fruits using the genetic diversity in pigmentation and in the carotenoid complement. 
To this end six citrus varieties were selected: two mandarins, Clemenules (Citrus clementina) 
and Nadorcott (Citrus reticulata); two grapefruits (Citrus paradisi), Marsh and Star Ruby; and 
two sweet oranges (Citrus sinensis), Valencia late and Valencia Ruby. Total carotenoid content 
and composition in the pulp of fruits were very different, in relation to their color singularities. 
Valencia Ruby and Nadorcott had the highest carotenoid content, accumulating the former 
large amounts of linear carotenes (phytoene, phytofluene and lycopene) and Nadorcott of β-
cryptoxanthin. Orange fruits contained the highest amount of vitamin C while in Nadorcott 
mandarin was more that 50% lower. Analysis of antioxidant capacity, evaluated by ABTS and 
DPPH assays, in the pulp of the different fruit varieties indicated a high and positive correlation 
between vitamin C content and hydrophilic antioxidant capacity (HAC). Nevertheless, a weak 
correlation was observed between carotenoids content and lipophilic antioxidant capacity 
(LAC) in the pulp extracts assayed by ABTS. Overall, vitamin C in the pulp of citrus fruit had an 
important contribution to the HAC, whereas that of carotenoids to LAC was very variable; 
being the highest that of Valencia Ruby orange, with large concentrations of lycopene and 










Citrus fruit are one of the primary fruit crops in international trade in terms of value, and 
are highly demanded worldwide for fresh consumption, juice processing, freeze-concentrates 
and also as food additives for dishes and beverages (Talón et al., 2020). Color is one of the 
most remarkable features among the different Citrus species and cultivars and a key factor of 
external and internal quality and consumer’s acceptance. The genus Citrus shows a high 
diversity in external and internal fruit coloration: from the yellow color of lemons (Citrus 
limon), pummelos (Citrus maxima), many grapefruits cultivars (Citrus paradisi) and citrons 
(Citrus medica), to the orange of mandarins (Citrus reticulata, C. clementina or C. unshiu) and 
sweet oranges (Citrus sinensis), and red or pink in some lycopene-accumulating grapefruits or 
new sweet orange cultivars (Liu et al., 2007; Alquézar et al., 2008; Lu et al., 2017).  
Citrus fruit are good sources of useful phytochemicals, such as vitamins A, C and E, 
mineral elements, flavonoids, phenolic acids, coumarins, limonoids, anthocyanins (blood 
oranges), carotenoids and pectins, among others (Lv et al., 2015; Patil et al., 2017; Zou et al., 
2016). Evidence from several in vitro and in vivo studies have related the consumption of citrus 
fruit with important health benefits and the reduction in the risk of chronic diseases (Silveira et 
al., 2015; De Oliveira et al., 2019; Ma et al., 2020; Llopis et al., 2019; Jing et al., 2020). The 
beneficial effects of these compounds in human health have been partially associated with 
their antioxidant activity (Barros et al., 2018; Rajendran et al., 2014). In general, antioxidants 
are natural or synthetic compounds that may prevent or delay the oxidative cell damage 
caused by physiological oxidants, scavenging or quenching reactive oxygen (ROS) or nitrogen 
species (RNS), products of respiration, including free radicals (Barros et al., 2018). 
Carotenoids are among the most important phytochemicals in citrus fruit. They are 
lipophilic pigments responsible for the coloration of mature fruit in most Citrus species and 
cultivars, and therefore, their content and composition have a strong impact on their 
commercial acceptability (Gross et al., 1987; Tadeo et al., 2020). Citrus fruit are one of the 
most complex sources of carotenoids with a large diversity of them among the different 
species and cultivars in terms of types and amounts (Kato, 2012; Rodrigo et al., 2013a). 
Carotenoid content and profile are influenced by genotype and, in general, mandarin and 
orange cultivars accumulate larger concentrations of carotenoids than grapefruits, pummelos 
and lemons (Kato et al., 2004; Alquézar et al., 2008; Rodrigo et al., 2013a).  
In citrus fruit, the antioxidant activity mainly depends on a complex combination of 
hydrophilic (e.g., ascorbic acid and polyphenols) and lipophilic compounds (e.g., carotenoids 
and tocopherols) (reviewed by Zou et al., 2016). In plants, carotenoids play important roles 
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protecting biological systems against photooxidative processes and oxidative damage, as they 
are efficient antioxidants scavenging singlet molecular oxygen (1O2) and peroxyl radicals (Stahl 
and Sies, 2003; Müller et al., 2011). The efficiency of carotenoids for physical quenching is 
related to the number of conjugated double bonds of the molecule, being lycopene the most 
efficient carotenoid with eleven (Di Mascio et al., 1989; Stahl and Sies, 2003). Furthermore, the 
presence of ionone rings, hydroxyl, epoxy or keto functional groups, modulates the ability of 
carotenoids to scavenge free radicals (Di Mascio et al., 1989; Stahl., 2003; Müller et al., 2011; 
Apak et al., 2013). A large number of studies have analyzed over the years the antioxidant 
activities of citrus fruit extracts, focusing on the antioxidant assessment by a single extraction 
of the bioactive compounds in specific solvents, irrespectively of the selective solubility of each 
family of compound in the extraction mixture (Cano et al., 2004). The general conclusions 
emerging from several works suggest positive correlations between total antioxidant activity 
and vitamin C content and phenolic compounds in pulp and juice of different Citrus species 
and cultivars (Franke et al., 2004; Rapisarda et al., 2008; Gironés-Vilaplana et al., 2014; Yoo 
and Moon, 2016; Sicari et al., 2016; De Ancos et al., 2017, 2020). Despite the well-recognized 
antioxidant capacity of some carotenoids, their relative contribution to the total antioxidant 
capacity of foodstuff is still controversial (Rodríguez-Amaya, 2010). Different studies indicated 
that carotenoids contribute to the antioxidant capacity of Citrus (Sánchez-Moreno et al., 2003; 
De Ancos et al., 2020). Sánchez-Moreno et al. (2003) reported a positive correlation between 
β-cryptoxanthin content and the antioxidant capacity of orange juices but a lack of correlation 
with other carotenoids. However, other works have not found a relationship between 
carotenoid content and the antioxidant capacity (De Ancos et al., 2002), or lower than that of 
phenolic compounds or vitamin C (Gardner et al., 2000; Sánchez-Moreno et al., 2003; Cano et 
al., 2004; Yoo and Moon, 2016). It seems that the extraction solvents and the antioxidant assay 
may be critical factors for the discrepancy among the different studies (Sánchez-Moreno et al. 
2003; Rodríguez-Amaya et al., 2010; Müller et al., 2011). Moreover, the evaluation of the 
antioxidant capacity of both the water-soluble and lipid-soluble fractions of citrus fruit extracts 
has been scarcely studied (Cano et al., 2004).  
The aim of this study was to use the genetic diversity in coloration and carotenoid 
composition of citrus fruits to evaluate the antioxidant capacity of the lipophilic (LAC) and 
hydrophilic (HAC) fraction independently, through the scavenging DPPH and ABTS radical 
assays. To that end, we have used fruits of two genotypes of oranges, two grapefruits and two 
mandarins with contrasting differences in pulp coloration, and determined carotenoids 
content and composition, as well as vitamin C content (Vit C), and analyzed their contribution 
to the lipophilic and hydrophilic antioxidant capacity, respectively.  
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MATERIAL AND METHODS 
Plant Material 
Fruits of two genotypes of sweet orange (Citrus sinensis), Valencia late and Valencia 
Ruby, two grapefruits (Citrus paradisi) Marsh and Star Ruby and two mandarins Clemenules 
(Citrus clementina) and Nadorcott (Citrus reticulata), with contrasting differences in pulp 
coloration were selected (Figure 1). Fruits of each genotype were harvested from adult trees 
developed under standard agronomical and growing conditions. Fruits were harvested at 
commercial maturity, and dates and growing locations were as follows: January and February 
for Clemenules and Nadorcott mandarins, respectively, from a commercial orchard located in 
Lliria (Valencia, Spain); both grapefruits were harvested in February at The Citrus Germplasm 
Bank from the Instituto Valenciano de Investigaciones Agrarias (IVIA, Moncada, Valencia, 
Spain), and the late-harvesting Valencia late and Valencia Ruby oranges were harvested in 
April from the Fundación ANECOOP (Museros, Valencia, Spain). At least 60 fruits for each 
genotype were harvested and immediately delivered to the laboratory. Fruits were selected 
for size uniformity and free of any external damage or defect. Fruits were sliced into halves 
and after determination of pulp color, pulp tissue was obtained by excising small cube pieces 
of approximately 1 cm2 containing juice vesicles free of segment membranes, immediately 
frozen in liquid nitrogen and stored at -80 °C until analysis. Juice was extracted from the 
remaining pulp with a household electric hand reamer (Citromatic MPZ22, Braun, Barcelona, 
Spain), filtered through a metal sieve with a pore size of 0.8 mm, immediately frozen in liquid 
nitrogen and stored at −80 °C until analysis.  
Color and internal maturity index determinations  
Color of the pulp was measured using a CR-400 Minolta chromameter on three different 
positions. Hunter parameters a (negative to positive corresponds from green to red) and b 
(negative to positive, from blue to yellow) were determined, and color was expressed as the 
a/b Hunter ratio, a classical relationship for color measurement in citrus fruit (Stewart and 
Wheaton, 1972). Data of color index for each cultivar are the means ± SD of at least 10 fruits.  
Total soluble solids (TSS) and total titratable acidity (TA) of the juices were determined 
using a digital refractometer PAL-BX/ACID1 (ATAGO, Japan). TSS is expressed as °BRIX and TA 
as mg of citric acid/100 mL of juice and maturity index (MI) was calculated as the TSS/TA ratio. 
Carotenoid extraction and analysis by HPLC-DAD 
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Carotenoids were extracted and analyzed essentially as described by Rodrigo et al. 
(2015). Briefly, freeze-ground pulp (2 g) was weighed in screw-capped polypropylene tubes, 4 
mL of methanol (MeOH) plus 5 mL Tris-HCl (50 mM, pH 7.5) (containing 1 M NaCl) were added 
and sample was sonicated 5 min in XUBA3 ultrasonic water bath (Grant Instruments, England) 
at room temperature. Dichloromethane (DCM) (10 mL) was added to the mixture, stirred for 5 
min at 4°C and centrifuged at 3000 g for 10 min at 4°C. The hypophase was recovered and the 
aqueous phase re-extracted with DCM until it was colorless. The pooled DCM extracts were 
dried on a rotatory evaporator at 40°C. Samples were saponified in methanolic KOH (6%, w/v) 
overnight. Saponified carotenoids were recovered from the upper phase after adding water 
and petroleum ether:diethyl ether (9:1) to the mixture. Extracts were dried and kept at −20 °C 
until further analysis. Each sample was extracted at least twice and results are mean ± SD. 
The carotenoid composition of each sample was analyzed by HPLC with a Waters liquid 
chromatography system equipped with a 600E pump and a photodiode array detector (DAD) 
model 2998, and Empower3 software (Waters, Spain). A C30 carotenoid column (250 × 4.6 
mm, 5 μm) coupled to a C30 guard column (20 × 4.0 mm, 5 μm) (YMC, Teknokroma, Spain) was 
used. Chromatographic conditions used are described in Lado et al. (2015) and Rodrigo et al. 
(2015). The carotenoids were identified by absorbance spectra and retention time, peaks 
integrated at their individual maximal wavelength, and their contents were calculated using 
the appropriate calibration curves, as described elsewhere (Lado et al., 2015; Rodrigo et al., 
2015).  
 
Ascorbic acid determination 
Ascorbic acid was extracted and determined essentially as described in Alós et al. (2014). 
Briefly, pulp tissue (0.5 g) were homogenized for 1 min using a Polytron PT-1035 GT 
(Kinematica AG) homogenizer with 0.1 % metaphosphoric acid (4 ml). The homogenate was 
centrifuged for 10 min at 4000 g at 4 °C. The supernatant was filtered through a C18 cartridge 
(SepPak, Waters, Spain), previously activated with 4 ml of MeOH, 4 ml of MilliQ water and 4 ml 
of 2 % metaphosphoric acid. The extract was subsequently filtered through a 0.45 μm nylon 
filter (25 mm diameter, Análisis Vínicos, Spain). The filtrate was directly injected in the HPLC-
DAD for ascorbic acid determination. Dehydroascorbic acid (DHA) content was calculated from 
the difference between total vitamin C and the ascorbic acid contents. To determine total 
vitamin C, we adapted the protocol described by Alós et al. (2014). Thus, a 200 μl aliquot of the 
above-mentioned filtrate was incubated for 15 min at room temperature with 100 μl 200 mM 
DTT in 400 mM Tris-base. Then, the reaction was stopped by acidification with 100 μl of 8.5 % 
ortho-phosphoric acid.  
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Sample analysis by HPLC was carried out using a HPLC system Waters ACQ Arc SysCore 
with DAD and Empower 3 software, using an Ultrabase C18 column (100 × 4.6 mm, 2.5 μm) 
(Análisis Vínicos, Spain) and a mobile phase of MeOH:water pH 2.5 (adjusted with 
metaphosphoric acid, 15:85, v/v), 0.2 ml min-1 flow and injection volume 10 μl. The 
temperature of the column was set at 35 °C.  
Determination of antioxidant capacity: ABTS and DPPH assays 
The 2,2’-azino-di-(3-ethylbenzthiazoline sulfonate) (ABTS) assay was employed to 
determine antioxidant capacity. The method is based on the capacity of different components 
to scavenge the ABTS radical cation (ABTS•+) compared to a standard antioxidant (Trolox). 
Total antioxidant capacity (TAC) was quantified as described Legua et al. (2011) with slight 
modifications, which enables to determine antioxidant capacity due to both hydrophilic and 
lipophilic compounds in the same extraction. Briefly, for each sample, 1.5 g of pulp were 
homogenized with Polytron PT-1035 GT (Kinematica AG) in 12 ml of 50 mM phosphate buffer 
pH 7.8 and 12 ml of ethyl acetate, and then centrifuged at 4000 g for 15 min at 4°C. The upper 
fraction was used to determine the antioxidant activity due to lipophilic compounds (LAC) and 
the lower phase to hydrophilic compounds (HAC). In both cases, antioxidant capacity was 
determined in duplicate in each extract using the enzymatic system composed of ABTS, the 
horseradish peroxidase enzyme (Sigma, Madrid, Spain) and the oxidant substrate (hydrogen 
peroxide) in which ABTS•+ radicals are generated. For HAC, a reaction mixture containing 10 
mM ABTS, H2O2 (30%) and 10 mM peroxidase in 120 mM glycine buffer solution (pH 4.5) in a 
total volume of 285 μl. For LAC, the same reaction mixture in pure ethanol was used, in a total 
volume of 250 μl. Then, 15 μl of the aqueous phase and 50 μl of the organic phase were added 
to the reaction medium for HAC and LAC determination, respectively, and the decrease in 
absorbance which is proportional to the ABTS quenched, was determined after 5 min. The 
absorbance change of the mixture was determined in a UV/Vis microplate spectrophotometer 
(Fluostar Omega, BMG Labtech) monitored at 730 nm. A calibration curve was performed with 
Trolox ((R)-(+)-6-hydroxy-2,5,7,8-tetramethyl-croman-2-carboxylic acid) in the range from 1 to 
25 mmol (Sigma, Madrid, Spain), and results are expressed as Trolox equivalent antioxidant 
capacity (TEAC) per fresh weight of fruit pulp (mg 100 g-1). 
The hydrophilic antioxidant activity was also determined using DPPH free radical assay 
(2,2-diphenyl-1-picrylhydrazyl) as described by Girennavar et al. (2007), with slight 
modifications. Samples of 0.3 g of pulp were homogenized for 1 min using a Polytron PT-1035 
GT (Kinematica AG) homogenizer in 6 ml of MeOH:water (80:20, v/v). The extract was 
centrifuged for 10 min at 4000 g at 4 °C and the supernatant collected into a new a tube. In a 
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96-well plate 10 μl of each sample was mixed with 290 μl of 100 mM DPPH solution (in 80% 
MeOH) and incubated at room temperature in darkness for 30 min. Thereafter, the 
absorbance change of the mixture was determined in a UV/Vis microplate spectrophotometer 
(Multiskan FC, Thermo Scientific) at 517 nm. Methanol (80%) was used as a control (10 µl 
MeOH 80% + 290 µl of DPPH) and each reaction was replicated in three wells. The assay was 
replicated twice and a curve of Trolox solution with concentrations ranging from 25 to 200 µg 
ml-1 was used as a standard. Absorbance was measured at 515 nm and compared to the 
absorbance obtained for the control (blank without samples). DPPH scavenging capacity was 
expressed as inhibition percentages by the formula: 
% DPPH scavenging capacity = [(
515nmAcontrol – 
515nmAsample)/ 
515nmAcontrol] x 100   
 
Contribution of vitamin C and carotenoids to antioxidant capacity 
Müller et al. (2011) determined the relative antioxidant capacity (RAC) of several 
bioactive compounds as equivalents of Trolox. Taking these values as a reference, we have 
determined the contribution of the carotenoids and vitamin C present in the lipophilic and 
hydrophilic extracts of the citrus samples to the antioxidant capacity. The RAC value of the 
carotenoids were: lycopene, 3.9; β-cryptoxanthin, 3.2; β-carotene, 3.1; anteraxanthin, 2; 
zeaxanthin, 1.9; violaxanthin, 1.6; and phytoene and phytofluene, 1. The RAC of Vitamin C is 
1.0, which means that Trolox and vitamin C have the same antioxidant activity (Arnao et al., 
2001; Cano et al., 2000). Thus, after determination of the HAC and LAC (as Trolox equivalents) 
and the concentration of the different compounds, their relative contribution to the 
antioxidant capacity was calculated. 
Statistical analysis 
Statistical significance was calculated by one-way analysis of variance (ANOVA) by 
XLSTAT software and the Tukey’s test was used to determine any significant difference among 
cultivars at p ˂ 0.05. 
 
RESULTS AND DISCUSSION  
Pulp color and internal quality parameters 
The quality parameters (color of the pulp, TSS, TA and maturity index) of the fruit of the 
six citrus genotypes selected for this study are shown in Table 1. Color of the pulp (determined 
as the a/b Hunter ratio) and differences between cultivars of the same species were the main 
criteria for the selection of these genotypes. Accordingly, for mandarin fruit, Nadorcott 
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displayed a bright orange coloration (a/b, 0.50±0.01) more intense than the pale orange 
pigmentation of Clemenules (0.34±0.02). Nadorcott is a mandarin derived from the traditional 
Murcott mandarin in Morocco, characterized by a late harvest, excellent internal quality and 
the intense orange coloration of both peel and pulp (Nadori, 2004). By contrast, despite the 
excellent fruit quality and commercial relevance of Clemenules mandarin, its internal and 
external coloration is less intense than other mandarin cultivars (Barry et al., 2020). TSS was 
slightly higher in Nadorcott than in Clementine mandarin, indicating a late ripening, but the 
maturity index at the harvest time was similar in both genotypes (Table 1).    
For grapefruits and oranges, a red-fleshed genotype for each species was selected. Star 
Ruby grapefruit exhibited a typical red coloration (1.04±0.13) in comparison with the 
characteristic pale yellowish of the pulp of Marsh grapefruit (0.01±0.03). However, internal 
maturity index was similar in both grapefruits (Table 1), indicating that the maturation process 
under Mediterranean conditions follows a similar pattern in both cultivars with the exception 
of fruit coloration (Alquézar et al., 2013). These two grapefruit varieties are very common and 
cultivated worldwide, and differences in pulp coloration have been long described, despite the 
important effect of the climatic conditions in grapefruit pigmentation (Xu et al., 2006; Alquézar 
et al., 2013; Barry el at., 2020). Valencia Ruby is the first red-fleshed mutant derived from the 
Valencia late sweet orange (Zacarias, 2017). This phenotypic difference is well exemplified by 
the reddish (0.60±0.03) coloration of the pulp in comparison with the pale-orange tint 
(0.06±0.01) of the Valencia late orange fruit harvested at that same maturity stage and 
environmental conditions. Valencia late is a classical orange cultivar cultivated worldwide with 
moderate to low coloration and carotenoid content (Fanciullino et al., 2008; Kato, 2012). The 
characteristic pulp pigmentation of the Valencia Ruby mutant resembles that of the red-
fleshed Cara Cara, a mutant of Navel orange more intensively studied, with an altered 
carotenoid complement (Xu et al., 2008; Alquézar et al., 2008). However, parameters of 
internal maturation were statistically similar in both Valencia and Valencia Ruby oranges, 
indicating that other ripening processes in the mutant are not affected (Table 1).  
Carotenoid content and composition  
Differences in pulp coloration in fruits of the six citrus genotypes selected were assessed 
in relation to their carotenoid content and composition. By HPLC-DAD ten major carotenoids 
were identified and quantified in our samples. Total carotenoid content in the pulp showed a 
high variability among the six genotypes (Table 2). Then, carotenoid content in the pulp of 
Nadorcott was 3.2-times higher than that of Clemenules. Interestingly, carotenoids were 
substantially higher in the red-fleshed grapefruit and orange than in the corresponding 
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counterpart. In the white Marsh grapefruit, carotenoids were extremely low (< 0.1 mg 100 g-1 
FW) in comparison with the red Star Ruby. Similarly, total carotenoids in the pulp of Valencia 
Ruby was near 20-times higher than in the pulp of Valencia late (Table 2).  
A detailed analysis of the carotenoid complement in the pulp of the six varieties 
revealed significant differences that may account for the particular coloration of each 
genotype (Table 2). Thus, the pulp of Clemenules contained moderate amounts (between 0.25 
and 0.31 mg 100 g-1 FW) of phytoene, phytofluene, β-cryptoxanthin and violaxanthin. It is 
remarkable that the pulp of Nadorcott mandarin contained 6- and 4-times more β-
cryptoxanthin and violaxanthin, respectively, than that of Clemenules, whereas other 
carotenoids remained nearly similar. These major differences in these two xanthophylls 
(especially β-cryptoxanthin) may explain the deeper orange color observed in the pulp of 
Nadorcott compared with Clemenules (Table 1). β-Cryptoxanthin is the main carotenoid in the 
pulp and juice of mandarins, providing their intense orange coloration and being one of the 
main dietary sources of this compound (Ma et al., 2020). The higher accumulation of deep 
orange carotenoids, such as β-cryptoxanthin, is a distinctive feature of mandarin fruits and it 
has been proposed as a criterion to distinguish from sweet orange fruits (Goodner et al., 2001; 
Kato et al., 2004; Fanciullino et al., 2006). It is remarkable the high carotenoid and β-
cryptoxanthin content detected in the pulp of Nadorcott mandarin. This mandarin is currently 
appreciated in the fresh-fruit market by the intense orange coloration of both peel and pulp, 
but a detailed analysis of its carotenoid content and composition has not been reported yet. In 
this study, we found that carotenoid content was in the range reported for other mandarin 
hybrids, such as its parental Murcott (Alquézar et al., 2008; Petry et al., 2019). Moreover, the 
content of β-cryptoxanthin in Nadorcott pulp account for about 40% of total carotenoids, 
while in Clemenules is 21% (Table 2), therefore, the high content and proportion of β-
cryptoxanthin in Nadorcott may explain the intense orange coloration of its pulp.  
Star Ruby was selected in this study as a pigmented grapefruit by the distinctive red 
coloration of the flesh due to the large accumulation of lycopene compared with other red-
pigmented grapefruit cultivars (Xu et al. 2006; Alquézar et al., 2013). Analysis of carotenoids 
profile in the pulp of the Star Ruby revealed that the carotenes phytoene (31% of total 
carotenoids), lycopene (28.5%), β-carotene (22%) and phytofluene (12%) were the most 
abundant. By contrast, the pulp of the white Marsh was almost devoid of carotenoids, with 
only minor amounts of phytoene, phytofluene and xanthophylls (Table 2). These results are in 
good agreement with those reported in other studies for the same grapefruit varieties (Xu et 
al., 2006; Fanciullino et al., 2008, Alquézar et al. 2008, 2013) and corroborate the motion that 
the usual accumulation of lycopene in red grapefruits appears to be the result of a partial 
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blockage in the cyclization of lycopene leading an accumulation of earlier linear carotenes 
(Alquézar et al., 2008).  
Comparison of carotenoid profiling in the pulp of Valencia late orange and its red-
fleshed Valencia Ruby mutant revealed a completely altered carotenoid content and 
composition (Table 2). First, total carotenoids were 20-times higher in Valencia Ruby than in 
Valencia late; second, Valencia late accumulated almost exclusively the β,β-xantophylls 
violaxanthin (44.2%), anteraxanthin (16.3) and β-cryptoxanthin (7%); and third, Valencia Ruby 
accumulated large amounts of linear carotenes phytoene (80.6%), phytofuene (6%) and 
lycopene (5.2%), whereas total xanthophylls were less than 3% of total carotenoids (Table 2). 
This unusual carotenoid profiling in the pulp of Valencia Ruby and the accumulation of 
lycopene resembles that reported for the two other red-fleshed oranges, Hong Anliu and Cara 
Cara, so far characterized (Liu et al., 2007; Alquézar et al., 2008; Rodrigo et al., 2015; Lu et a., 
2017). It is interesting to remark that the concentration of lycopene reported in the pulp of 
mature fruit of these mutants is about 0.5 to 1.0 mg 100 g-1 FW and in the same range of that 
found in the present study for Valencia Ruby (Xu et al., 2006; Alquézar et al., 2008; Rodrigo et 
al., 2015). However, total carotenoids in Valencia Ruby were substantial higher, mainly due to 
the accumulation of the early linear carotenes phytoene and phytofluene that reached 
concentrations extremely high (13.31 and 1.84 mg 100 g-1 FW, respectively) (Table 2). To our 
knowledge, this is the first report of the analysis of carotenoids in a red-fleshed mutant of 
Valencia orange and, it is worth to remark that such large amount of phytoene in its flesh is 
the highest so far reported for a citrus fruit (Alquézar et al., 2008; Rodrigo et al., 2003, 2019). 
Since accumulation of significant amounts of phytoene is not common in fruits of other species 
(Alquézar et al., 2008) and that important health-related benefits have been assigned to this 
carotene (Rao and Rao et al., 2007; Meléndez-Martínez et al., 2018, 2019), Valencia Ruby is an 
useful and promising orange cultivar in order to provide fresh fruit or derived products with 
added value and potential health benefits.     
Vitamin C content 
Vitamin C (Vit C) is one of the most important antioxidant compounds in plant cells and 
a major contributor to the health-related benefits attributed to citrus fruit (Alós et al., 2014, 
Zou et al., 2016). The concentration of Vit C in the pulp of the six cultivars selected for the 
current study were between 19.04 and 45.29 mg 100 g-1 FW (Figure 2). Valencia Ruby and 
Valencia late sweet oranges, and Marsh grapefruit showed the highest Vit C content followed 
by Star Ruby grapefruit and Clemenules mandarin. Nadorcott mandarin was the cultivar with 
the lowest vitamin C concentration (45% lower than Clemenules mandarin) (Figure 2). These 
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results are in agreement and in the same range than that reported by other authors in 
different Citrus species and varieties (Cano et al., 2008; Martí et al., 2009; Alos et al., 2014; 
Kafkas et al., 2011). Conclusions from these studies indicated that Vit C concentration in the 
fruit appear to be related to the genotype and/or to the stage of development (Alós et al., 
2014). Moreover, oranges contain the highest Vit C concentrations among the Citrus genus, 
followed by lemons, grapefruits and mandarins, with a higher variability among mandarins 
than in other species (Martí et al., 2009). Interestingly, comparison of Vit C content in several 
mandarin varieties indicated that Murcott (Cano et al., 2008) and Nadorcott mandarin 
(Nardello et al., 2018) contained about half of that of other Clementine mandarins, similarly to 
the differences obtained in the current work (Figure 2). It is important to note that other 
studies have detected between 39% and 15% reduction in Vit C concentration in the juice of 
the lycopene-accumulating sweet orange Cara Cara compared to its parental Navel juice (De 
Ancos et al., 2020; Kafkas et al., 2011). However, the Vit C content in the red-fleshed Valencia 
Ruby is similar to Valencia, and are the highest values among the genotypes analyzed in this 
study.  
Antioxidant capacity in hydrophilic and lipophilic pulp extracts of citrus cultivars 
In order to evaluate the contribution of carotenoids and Vit C content to the antioxidant 
capacity of citrus fruit, the antioxidant capacity of the pulp of the six citrus varieties was 
analyzed. The antioxidant capacity of the hydrophilic (HAC) fraction was evaluated by two 
methods, DPPH and ABTS scavenging assays, while the antioxidant capacity of lipophilic (LAC) 
fraction was determined by ABTS. The HAC of extracts showed a significant variability among 
cultivars (Figure 3). By the characteristics of each assay, values of the HAC obtained by ABTS 
were quantitatively higher than those of DPPH, but results of the different varieties were 
consistent between both assays. Comparison of HAC between cultivars of the same species 
revealed that Nadorcott and Star Ruby had lower capacity than Clemenules mandarin and 
Marsh grapefruit, respectively, and in sweet oranges only a minor reduction in HAC in Valencia 
late pulp with respect to Valencia Ruby was detected by the ABTS assay (Figure 3). Evaluation 
of antioxidant capacity in different food matrix are usually performed by several methods, 
such as ABTS, DPPH, FRAP (Ferric Reducing Antioxidant Power), and ORAC (Oxygen Radical 
Absorbance Capacity) (Müller et al., 2011; Apak et al., 2013, 2016). The ABTS assay has the 
advantage of being used over a wide range of pH, hence, it is more useful to study and 
compare foods at different pH. Moreover, the ABTS assay requires a shorter reaction time 
compared to the DPPH assay. In addition, ABTS is soluble in polar and non-polar solvents and 
can be therefore used to assess both water- and lipid-soluble antioxidants (Yoo and Moon, 
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2016). The scavenging ability of the different bioactive compounds varies widely by the mode 
of action of each radical (Gironés-Vilaplana et al., 2014), but, in general, the values of 
antioxidant capacity obtained by ABTS use to be higher than those by DPPH.  
Analysis of the HAC in the pulp of the six citrus varieties analyzed revealed a parallelism 
with the profiling of Vit C content (Figure 2). The correlation analysis between HAC and Vit C 
for the six citrus varieties studied indicates a high correlation with r2 values of 0.85 and 0.91 for 
the DPPH and ABTS assays, respectively. These results point out that in the pulp of mandarins, 
grapefruits and sweet oranges the concentration of Vit C is closely related to their hydrophilic 
antioxidant activity. Our results highly support previous observations indicating that Vit C is a 
major contributor to the total antioxidant capacity in fruits and juices of many Citrus species 
and varieties (Sicari et al., 2016; Yoo and Moon, 2016; Elkhatim et al., 2018; Sánchez-Moreno 
et al., 2002, 2003; Martí et al., 2009).  
By contrast, a virtual absence of correlation between the hydrophilic activity by both 
DPPH and ABTS assays, and carotenoid content in the six varieties was obtained (r2= 0.01, r2= 
0.13, respectively). These results are not unexpected, since the extraction for the HAC 
determination was performed with polar solvents and only a minor fraction, if any, of the 
carotenoids present in the tissue would be extracted. Guddadarangavvanahally et al. (2008) 
have also discussed the influence of the extraction solvents in the analysis of the antioxidant 
capacity of grapefruit and oranges. Then, special attention should be taken in the 
interpretation of the potential contribution of carotenoids to the antioxidant capacity of foods 
or plant tissues extracts. 
In order to explore more in detail, the involvement of the different carotenoid content 
and composition in the antioxidant activity of the pulp, we independently extracted and 
determined the scavenging capacity of the lipophilic fraction by ABTS assay. The lipophilic 
extracts of the pulp of both sweet orange cultivars showed the highest LAC (Figure 4). 
Comparison of LAC in grapefruit and mandarin varieties revealed that the red Star Ruby had 
higher capacity than Marsh, however, no significant differences were detected between 
Nadorcott and Clemenules (Figure 4). Together, the antioxidant capacity of the analyzed citrus 
pulp lipophilic extracts showed a weak positive correlation (r2=0.40) with total carotenoids 
content. Moreover, we did not observe either significant correlation between individual 
carotenoids and LAC (data not shown). Carotenoids are fat-soluble compounds and have 
potential antioxidant properties because they quench singlet oxygen (Stahl and Sies, 2003). 
Nevertheless, the contribution of carotenoids to the antioxidant capacity of citrus fruit is still a 
matter of debate, since controversial results have been obtained (Arnao et al., 2001; Sánchez-
Moreno et al., 2003; De Ancos et al., 2002, 2020). Despite the antioxidant activity in the 
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lipophilic fraction has received little attention (Cano et al., 2000, 2004; Arnao et al., 2001; 
Rodríguez-Amaya et al., 2010), our results indicate that other recognized antioxidant 
compounds (such as tocopherols), in addition to carotenoids, may also significantly contribute 
to the LAC of the pulp of Citrus fruit (Rodríguez-Amaya et al., 2010; Arnao et al., 2001; 
Sánchez-Moreno et al., 2003).  
Comparison of HAC and LAC assayed by ABTS indicated that the former was 5- to 10- 
times higher than LAC (Figure 3 and 4). This result is similar to that reported in other studies 
and reinforces the conclusion that hydrophilic compounds are the major contributors to the 
total antioxidant capacity of citrus fruit pulp (Arnao et al., 2001; Sánchez-Moreno et al., 2003; 
Cano et al., 2004; Wu et al., 2009; Yoo and Moon, 2016). 
Analysis of the potential contribution of vitamin C and carotenoids to total antioxidant 
capacity 
Total antioxidant capacity in a food matrix is the combined activity of different 
antioxidants compounds such as carotenoids, vitamin C, polyphenols, tocopherols and others 
(Patil et al., 2017). One of the main goals of this study was to evaluate the specific contribution 
of carotenoids and Vit C to the lipophilic and hydrophilic antioxidant capacity, respectively, 
using the genetic diversity in pulp pigmentation and in the carotenoid complement found in 
Citrus species and cultivars. Carotenoid analysis in the pulp of the six varieties selected in this 
study revealed important differences in the total content but also an enrichment in specific 
carotenoids: lycopene in Star Ruby or Valencia Ruby, phytoene in Valencia Ruby, or 
cryptoxanthin in Nadorcott mandarin (Table 2). To estimate the contribution of carotenoids 
and Vit C of each variety to the LAC and HAC, respectively, we used the relative antioxidant 
capacity value of pure carotenoids and vitamin C described by Müller et al. (2011). Then, total 
antioxidant capacity is calculated as the sum of the relative contribution of each specific 
carotenoid or xanthophyll (expressed as % of the total) present in the pulp of the citrus fruit. 
This approach showed that Vit C contributed to the HAC between 18% in Nadorcott mandarin 
and 35% in Valencia orange (Figure 5A). These values indicate that other components (such as 
phenolic compounds) are greater contributors than Vit C to the HAC of the pulp of citrus fruit. 
Similar results have been also obtained in fruits of different citrus cultivars (Yoo and Moon, 
2016; Shin, 2012 and Sicari et al., 2016), but other studies estimated that Vit C is the 
predominant antioxidant in Citrus (Shin, 2012; Xu et al., 2008; Yoo et al., 2004, Sánchez-
Moreno et al., 2003).  
On the other hand, the relative contribution of carotenoids to LAC showed a wide 
variability among genotypes (Figure 5B). As expected, the cultivars with high total carotenoids 
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content exhibited high contribution to LAC: Valencia Ruby orange and Nadorcott mandarin 
(77%) followed by Star Ruby (41%), Clemenules (20%) and Valencia late (5%), while that of 
Marsh grapefruit was almost negligible (Figure 5B). However, this sequence did not follow the 
carotenoid content of each variety (Table 2). This discrepancy indicates that other lipophilic 
compounds (as tocopherols) are likely contributing to the LAC and that synergistic effects 
among them may modify total antioxidant activity (Rodríguez-Amaya, 2010). It is worth to 
mention that the varieties with higher contribution of carotenoids to LAC are Valencia Ruby 
sweet orange, which contains lycopene and also an extremely high concentration of phytoene, 
both carotenes have been postulated to have antioxidant properties (Bailey et al., 2015; 
Meléndez-Martínez et al., 2018); and the mandarin Nadorcott, with the largest content of 
cryptoxanthin, a xanthophyll with demonstrated  protection against oxidative stress by 
using an in vivo assay (Llopis et al., 2019). Then, it is likely that the contribution of carotenoids 
to LAC is not only dependent of their total amount but also of the concentration of specific 
carotenoids, and thus, our results may explain the lack of consistency between carotenoid 
content and the antioxidant capacity observed in different studies in citrus fruit (reviewed by 
Zou et al., 2016).  
In conclusion, in vitro antioxidant assays may be useful indicators to estimate the 
healthy properties of the edible part of fruits. However, the lack of standardization, the 
particular features of the different methods and the ability of compounds to scavenge/quench 
different radicals, may generate discrepancies and over- and underestimate the specific 
contribution of the different hydro and lipophilic components of a food sample (Rodríguez-
Amaya et al., 2010; Apak et al., 2013; 2016). In this work, we have used two antioxidant assays 
to determine HAC and LAC in the pulp of six citrus varieties with contrasting coloration and 
carotenoid content and composition. Results indicated a positive correlation between Vit C 
content and HAC, while total carotenoids did not parallel LAC. The contribution of Vit C was 
estimate to be 15-30% of the total HAC. Carotenoids had a very variable contribution to LAC, 
being the highest that of Valencia Ruby orange, with large concentrations of lycopene and 
phytoene, and Nadorcott mandarin, with high cryptoxanthin content. 
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Apak R, Özyürek M, Güçlü K and Çapanoğlu E (2016) Antioxidant Activity/Capacity 
Measurement 1 Classification Physicochemical Principles Mechanisms and Electron Transfer 
(ET)-Based Assays. Journal of Agricultural and Food Chemistry 64: 997−1027. 
Arnao MB, Cano A and Acosta M (2001) The hydrophilic and lipophilic contribution to total 
antioxidant activity. Food Chemistry 73: 239-244. 
Bailey JR (2015) Lycopene: Food sources potential role in human health and antioxidant effects 
New York: Nova Publishers. 
Barros M, Rodrigo MJ and Zacarias L (2018) Dietary Carotenoid Roles in Redox Homeostasis 
and Human Health. Journal of Agricultural and Food Chemistry 66: 5733-5740. 
Barry GH, Caruso M, Gmitter FG (2020) Commercial scion varieties.  In: Talón M, Caruso M and 
Gmitter FG (eds) The Genus Citrus. Cambridge: Woodhead Publishing, pp. 495-508. 
Cano A and Arnao MB (2004) Lipophilic and hydrophilic antioxidant activity and vitamin C 
content of commercial orange juices: correlation with organoleptic parameters. Ciencia y 
Tecnolología Alimentaria 4(3): 185-189. 
Cano A, Acosta M and Arnao M B (2000) A method to measure antioxidant activity in organic 
media: application to lipophilic vitamins. Redox Report 5(6): 365-370. 
Cano A, Medina A and Bermejo A (2008) Bioactive compounds in different citrus varieties. 
Discrimination among cultivars. Journal of Food Composition and Analysis 21: 377-381. 
De Ancos B, Cilla A, Barberá R, Sánchez-Moreno C and Cano M P (2017) Influence of orange 
cultivar and mandarin postharvest storage on polyphenols ascorbic acid and antioxidant 
activity during gastrointestinal digestion. Food Chemistry 225: 114–124. 
18 
 
De Ancos B, Rodrigo MJ, Sánchez-Moreno C, Cano P and Zacarías L (2020) Effect of high-
pressure processing applied as pretreatment on carotenoids flavonoids and vitamin C in 
juice of the sweet oranges 'Navel' and the red-fleshed 'Cara Cara'. Food Research 
International 132: 109105. 
De Ancos B, Sgroppo S, Plaza L and Cano MP (2002) Possible nutritional and health related 
value promotion in orange juice preserved by high-pressure treatment. Journal of the 
Science of Food and Agriculture 82: 790–796. 
De Oliveira R, Orlando Muñoz C, Carmona L, Peña L and de Paula Oliveira R (2019) Pasteurized 
Orange Juice Rich in Carotenoids Protects Caenorhabditis elegans against Oxidative Stress 
and β-Amyloid Toxicity through Direct and Indirect Mechanisms. Oxidative Medicine and 
Cellular Longevity 5046280. 
Di Mascio P, Kaiser S and Sies H (1989) Lycopene as the most efficient biological carotenoid 
singlet oxygen quencher. Archives of Biochemistry and Biophysics 274: 532–538. 
Elkhatim K, Elagib R, Amro B and Hassan A (2018) Content of phenolic compounds and vitamin 
C and antioxidant activity in wasted parts of Sudanese citrus fruits. Food Science and 
Nutrition 6: 1214–1219. 
Fanciullino A, Asanova JOC, Orillon RAM, Llitrault PAO (2006). Carotenoid diversity in cultivated 
citrus is highly influenced by genetic factors. Journal of Agricultural and Food Chemistry 54: 
4397–406. 
Fanciullino AL, Cercos M, Dhuique-Mayer C, Froelicher Y, Talón M, Ollitrault P and Morillon R 
(2008) Changes in carotenoid content and biosynthetic gene expression in juice sacs of four 
orange varieties (Citrus sinensis) differing in flesh fruit color. Journal of Agricultural and 
Food Chemistry 56: 3628–3638. 
Franke SIR, Ckless K, Silveira JD, Rubensam G, Brendel M and Erdtmann B (2004) Study of 
antioxidant and mutagenic activity of different orange juices. Food Chemistry 88(1): 45–55. 
Gardner PT, White TAC, McPhail DB and Duthie GG (2000) The relative contributions of vitamin 
C, carotenoids and phenolics to the antioxidant potential of fruit juices. Food Chemistry 68: 
471–474. 
Girennavar B, Jayaprakasha GK, Jadegoud Y, Nagana Gouda GAS and Patil B (2007) Radical 
scavenging and cytochrome P450 3A4 inhibitory activity of bergaptol and geranylcoumarin 
from grapefruit. Bioorganic & Medicinal Chemistry 15: 3684-3691. 
Gironés-Vilaplana A, Moreno DA and García-Viguera C (2014) Phytochemistry and biological 
activity of Spanish Citrus fruits. Food and Function 5: 764-772. 
19 
 
Goodner KL, Rouseff RL and Hofsommer HJ (2001) Orange mandarin and hybrid classification 
using multivariate statistics based on carotenoid profiles. Journal of Agricultural and Food 
Chemistry 49: 1146–1150. 
Gross J (1987) Pigments in fruits. International Journal of Food Science and Technology. 
Academic Press. 
Guddadarangavvanahally KJ, Girennavar B and Patil S (2008). Antioxidant capacity of pummelo 
and navel oranges: Extraction efficiency of solvents in sequence. Swiss Society of Food 
Science and Technology 41: 376–384. 
Jing WJ, Deng N, Wang H, Li T, Chen L, Zheng B and Liu RH (2020) Effects of orange extracts on 
longevity, healthspan, and stress resistance in Caenorhabditis elegans. Molecules 25(2): 
351. 
Kafkas E, Polatöz SN and Koç K (2011) Quantification and comparison of sugars carboxylic acids 
and vitamin c components of various citrus species by HPLC techniques. Journal of 
Agricultural Science and Technology 5(2): 175-180. 
Kato M (2012) Mechanism of carotenoids accumulation in Citrus fruit. Japanese Society of 
Horticultural Science 81(3): 219–233. 
Kato M, Ikoma Y, Matsumoto H, Sugiura M, Hyodo H and Yano M (2004) Accumulation of 
carotenoids and expression of carotenoid biosynthetic genes during maturation in citrus 
fruit. Plant Physiology 134: 824–837. 
Lado J, Cronje P, Alquézar B, Page A, Mazif M, Gómez-Cadenas A, Steag AD, Rdrigo MJ and 
Zacarias L (2015) Fruit shading enhances peel color, carotenes accumulation and 
chromoplast differentiation in red grapefruit. Physiologia Plantarum 154: 469–484. 
Legua P, Hernández F, Díaz-Mula HM, Valero D and Serrano M (2011) Quality, bioactive 
compounds, and antioxidant activity of new flat-type peach and nectarine cultivars: A 
Comparative Study. Journal of Food Science 76(5): 729-736. 
Liu K, Juan X, Liu Y and Zhao X (2007) A novel bud mutation that confers abnormal patterns of 
lycopene accumulation in sweet orange fruit (Citrus sinensis L Osbeck). Journal of 
Experimental Botany 58(15): 4161–4171. 
Llopis S, Rodrigo M, González N, Genovés S, Zacarías L, Ramón D and Martorell P (2019) β-
cryptoxanthin reduces body fat and increases oxidative stress response in Caenorhabditis 
elegans model. Nutrients 11(2): 232. 
Lu P, Wang C, Yin T, Zhong S, Grierson D, Chen K and Xu C (2017) Cytological and molecular 
characterization of carotenoid accumulation in normal and high-lycopene mutant oranges. 
Scientific reports 7: 761. 
20 
 
Lv X, Zhao S, Ning Z, Zeng H, Shu Y, Tao O, Xiao C, Lu C and Liu Y (2015) Citrus fruits as a 
treasure trove of active natural metabolites that potentially provide benefits for human 
health. Chemistry Central Journal 9: 68. 
Ma G, Zhang L, Sugiura M and Kato M (2020) Citrus and health.  In: Talón M, Caruso M and 
Fred Gmitter FG (eds) The Genus Citrus. Cambridge: Woodhead Publishing, pp, 495-508. 
Martí M, Mena P, Cánovas JA, Micol V and Saura D (2009) Vitamin C and the role of citrus 
juices as functional food. Natural Product Communications 4(5) 678-700. 
Meléndez-Martínez AJ, Stinco CM and Mapelli-Brahm P (2019) Skin carotenoids in public 
health and nutricosmetics: the emerging roles and applications of the UV radiation-
absorbing colourless carotenoids phytoene and phytofluene. Nutrients 11: 1093. 
Meléndez-Martínez, AJ, Mapelli-Brahm P and Stinco CM (2018) The colourless carotenoids 
phytoene and phytofluene: from dietary sources to their usefulness for the functional foods 
and nutricosmetics industries. Journal of Food Composition and Analysis 68: 91–103. 
Müller L, Fröhlich K and Böhm V (2011) Comparative antioxidant activities of carotenoids 
measured by ferric reducing antioxidant power (FRAP) ABTS bleaching assay (αTEAC) DPPH 
assay and peroxyl radical scavenging assay. Food Chemistry 129: 139-148. 
Nadori E (2004) Nadorcott Mandarin: a promising new variety. Proceedings of the International 
Society of Citriculture 1: 353-359. 
Nardello IC, Cantillano RFF, Seifert M and Mello-Farias M (2018) postharvest quality during 
refrigerated storage of ‘Nadorcott’ mandarin. American Journal of Experimental Agriculture 
9: 1-10. 
Patil BS, Jayaprakasha GK and Murthy KNC (2017) Beyond vitamin C: the diverse, complex 
health-promoting properties of citrus fruits. Citrus Research and Technology 38(1): 107:121. 
Petry FC, de Nadai FB, Cristofani-Yaly M, Latado RR, Mercadante AZ (2019). Carotenoid 
biosynthesis and quality characteristics of new hybrids between tangor (Citrus reticulata x 
C. sinensis) cv. ‘Murcott’ and sweet orange (C. sinensis) cv. ‘Pêra’. Food Research 
International 122: 461–70.  
Rajendran P, Nandakumar N, Rengarajan T, Palaniswami R. Gnanadhas E and 
NLakshminarasaiah U (2014) Antioxidants and human diseases. Clinica Chimica Acta 436: 
332–347. 
Rao A and Rao LG (2007) Carotenoids and human health. Pharmacological Research 55: 207–
216. 
Rapisarda P, Lo Bianco M, Pannuzzo P and Timpanaro N (2008) Effect of cold storage on 
vitamin C phenolics and antioxidant activity of five orange genotypes (Citrus sinensis (L) 
Osbeck). Postharvest Biology and Technology 49: 348–354. 
21 
 
Rodrigo MJ, Alquézar B, Alós E, Lado J and Zacarias L (2013a) Biochemical bases and molecular 
regulation of pigmentation in the peel of Citrus fruit. Scientia Horticulturae 163: 46–62. 
Rodrigo MJ, Cilla A, Barberá R and Zacarías L (2015) Carotenoid bioaccessibility in pulp and 
fresh juice from carotenoid-rich sweet oranges and mandarins. Food and function 6: 1950-
1959. 
Rodrigo MJ, Lado J, Alòs E, Alquézar B, Dery O, Hirschberg J and Zacarias L (2019) A mutant 
allele of ζ-carotene isomerase (Z-ISO) is associated with the yellow pigmentation of the 
“Pinalate” sweet orange mutant and reveals new insights into its role in fruit 
carotenogenesis. BMC Plant Biology 19: 465. 
Rodrigo MJ, Marcos JF, Alférez F, Mallent MD and Zacarías L (2003) Characterization of 
Pinalate a novel Citrus sinensis mutant with a fruit-specific alteration that results in yellow 
pigmentation and decreased ABA content. Journal of Experimental Botany 54: 727–738. 
Rodríguez-Amaya DB (2010) Quantitative analysis in vitro assessment of bioavailability and 
antioxidant activity of food carotenoids—A review. Journal of Food Composition and 
Analysis 23: 726–740. 
Sánchez-Moreno C (2002) Review: Methods used to evaluate the free radicals scavenging 
activity in foods and biological systems. Food Science and Technology International 8: 121–
137. 
Sánchez-Moreno C, Plaza L, De Ancos B and Cano P (2003) Quantitative bioactive compounds 
assessment and their relative contribution to the antioxidant capacity of commercial 
orange juices. Journal of the Science of Food and Agriculture 83: 430–439. 
Shin Y (2012) Correlation between antioxidant concentrations and activities of Yuja (Citrus 
junos Sieb ex Tanaka) and other citrus fruit. Food Science and Biotechnology 21(5): 1477-
1482. 
Sicari V, Pellicano TM, Giuffrè AM, Zappia C and Capocasale M (2016) Bioactive compounds 
and antioxidant activity of citrus juices produce from varieties cultivated in Calabria. Food 
Measure 10: 773-780. 
Silveira JQ, Grace KZS, Cesar D and Cesar TB (2015) Red-fleshed sweet orange juice improves 
the risk factors for metabolic syndrome. International Journal of Food Sciences and 
Nutrition 66(7): 830-836. 
Stahl W and Sies H (2003) Antioxidant activity of carotenoids. Molecular Aspects of Medicine 
24: 345–351. 
Stewart I and Wheaton TA (1972). Carotenoids in citrus: their accumulation induced by 
ethylene. Journal of Agricultural and Food Chemistry 20: 448–449. 
22 
 
Tadeo FR, Terol J, Rodrigo MJ, Licciardelo C and Sadka A (2020) Fruit growth and development. 
In: Talón M, Caruso M and Fred Gmitter FG (eds) The Genus Citrus. Cambridge: Woodhead 
Publishing, pp, 495-508. 
Talón M, Caruso M and Gmitter F (2020) The Genus Citrus. Cambridge: Woodhead Publishing. 
Wu G, Peng MJ, and Peng S (2009) Free radical scavenging effects of extracts from various 
parts of Citrus. Food Science 23: 008. 
Xu C, Fraser P, Wang WJ and Bramley PM (2006) Differences in the carotenoid content 
ordinary citrus and lycopene-accumulating mutants. Journal of Agricultural and Food 
Chemistry 54: 5474-548. 
Xu G, Liu D, Chen J, Ye X, Maa Y and Shi J (2008) Juice components and antioxidant capacity of 
citrus varieties cultivated in China. Food Chemistry 106: 545–551. 
Yoo KM and Moon B (2016) Comparative carotenoid compositions during maturation and their 
antioxidative capacities of three citrus varieties. Food Chemistry 196: 544-549. 
Yoo KM, Lee KW, Park JB, Lee HJ and Hwang IK (2004) Variation in major antioxidants and total 
antioxidant activity of Yuzu (Citrus Junos Sieb ex Tanaka) during maturation and between 
cultivars. Journal of Agricultural and Food Chemistry 52: 5907–5913. 
Zacarias J (2017). Caracterización fisiológica y molecular del metabolismo de carotenoides en 
dos variedades de naranja (Citrus sinensis) de pulpa roja. Máster Universitario en Calidad y 
Seguridad Alimentaria, 8ª Edición. Departamento de Medicina Preventiva i Salut Pública, 
Ciències de l’Alimentació, Toxicologia i Medicina Legal, Universidad de Valencia, España. 
Zou Z, Xi W, Hu Y, Nie C and Zhiquin Z (2016) Antioxidant activity of Citrus fruits. Food 











Table 1. Color index (a/b Hunter ratio) of the pulp, and total soluble solids (TSS, º Brix), total 
acidity (TA, mg citric acid 100 ml-1) and maturity index (TSS/TA) of the juice of fruit of the six 
Citrus genotypes used in this study.    
Data are expressed as mean ± standard deviation (n=3).  





















Clemenules mandarin 0.34±0.02d 9.83±0.06d 0.53±0.01d 18.59±0.92a 
Nadorcott mandarin 0.50±0.01c 10.90±0.20c 0.70±0.20d 15.57±0.50a 
Marsh grapefruit 0.01±0.03f 11.60±0.01b 1.88±0.01b 6.19±0.60c 
Star Ruby grapefruit 1.04±.013a 12.27±0.06a 2.24±0.02a 5.48±0.40c 
Valencia late orange 0.06±0.01 11.50±0.10b 1.00±0.10c 11.50±0.90b 
Valencia Ruby orange 0.60±0.03b 10.90±0.10c 1.10±0.20c 9.90±1.10b 
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Table 2: Carotenoid content and composition (mg 100 g-1 FW, fresh weight) in the pulp of six 
Citrus cultivars. Data are expressed as mean ± SD.  Tr, traces; nd, non detected. 
a 
Total carotenoids are the sum of the main identified and quantified carotenoids.  
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Figure 1. Internal appearance of mature fruit of the Citrus varieties used in this study:  
Clemenules (Citrus clementina) and Nadorcott (Citrus reticulata) mandarins, Valencia late and 
Valencia Ruby oranges (Citrus sinensis), and Marsh and Star Ruby grapefruits (Citrus paradisi).  
 
Figure 2. Vitamin C concentration (mg 100 g-1 fresh weight, FW) in pulp of mature fruits of six 
Citrus cultivars; CM, Clemenules mandarin; ND, Nadorcott mandarin; MS, Marsh grapefruit; SR, 
Star Ruby grapefruit; VL, Valencia late orange; VR, Ruby Valencia orange. Data are expressed as 
mean ± SD (n=3). Different letters indicate significant differences (p<0.05) by Tukey’s test. 
 
Figure 3. Antioxidant capacity of the hydrophilic fraction, assayed by DPPH and ABTS (mg of 
Trolox equivalents 100 g-1 FW) in the pulp of fruits of six Citrus cultivars. CM, Clemenules 
mandarin; ND, Nadorcott mandarin; MS, Marsh grapefruit; SR, Star Ruby grapefruit; VL, 
Valencia late orange; VR, Ruby Valencia orange Small and capital letters indicate significant 
differences (p<0.05) for DPPH and ABTS, respectively, by Tukey’s test.  
 
Figure 4. Antioxidant capacity of the lipophilic fraction determined by ABTS (mg of Trolox 
equivalents 100 g-1 FW) in the pulp of fruits of six Citrus cultivars. CM, Clemenules mandarin; 
ND, Nadorcott mandarin; MS, Marsh grapefruit; SR, Star Ruby grapefruit; VL, Valencia late 
orange; VR, Ruby Valencia orange Different letters indicate significantly differences (p<0.05) by 
Tukey’s test. 
 
Figure 5. Percentage of the contribution of vitamin C and other compounds to the total 
hydrophilic antioxidant capacity (A); and of total carotenoids and other compounds to the 
total lipophilic antioxidant capacity (B) in the pulp of fruits of six Citrus cultivars. CM, 
Clemenules mandarin; ND, Nadorcott mandarin; MS, Marsh grapefruit; SR, Star Ruby 
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